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(54) HOT ROLLED HIGH TENSILE STRENGTH STEEL PLATE EXCELLENT IN FORMABIUTY AND 
COLLISION RESISTANCE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a thin hot rolled 
high tensile strength steel sheet having the characteristics 
of 490 to 980MPa tensile strength, <75% yield ratio, >25% 
total elongation and >250M J/m3 absorbed energy to 0.3 
true strain in tensile testing at a strain rate of 2000sec~1 
and excellent in formability and collision resistance. 
SOLUTION: As for a steel stock having a componental 
compsn. contg, by weight, 0.02 to 0.2% C, 0.1 to 1.5% Si, 0.5 
to 3.0% Mn and 0.010% S, furthermore contg. one or > two 
kinds selected from 0.03 to 0.15% Mn, 0.1 to 2.0% Cr and 0.1 
to 1.0% Mo, and the balance Fe with inevitable impurities, 
hot rolling is finished at the Ar3 transformation point or 
above, within 0.1 to 5.0sec after that, cooling is started, it is 
cooled to 620 to 800° C at a cooling rate of >50° C/sec, is 
subjected to air cooling for 0.5 to 1 5sec, is next cooled to 
300 to 600° C at a cooling rate of >30° C/sec and is 
coiled to form its structure into the one in which ferritic 
phases having <10jt/ m average grain size occupy by 80 to 
97vol.%, and the balance secondary phases essentially 

consisting of martensite in which the average diameter is regulated to 0.2 to 2.0 times the ferrite 
average grain size. 
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(57) 

[HI] 519% $ 490-980 MPa . HMttt75K«T> 
£f#ff?5*6KLL. S&&2000 sec 1 ©* WSa*Kfctt 

[8?&##] C : 0,02-0,2 fit%, 5i : 0.1 -1.5 wt 
%. Mi : 0.5 -3,&rt S : 0,010 w^KTfcS^ 
*oP ; 0,03-0, 15wt%. Cr: 0.1 -2.0 wt%. W>: 0, 
1 -1,0 wt*#*6Si£n« 1 ll*fct*2tt(SLh«3W 

1-5,0 f*flXBt^ Ktt«IW»l/r. 50*C/sec OhCE>" 
Wpjtttt? 620-800 'CS-Cft&l/. 0,5 -15sec H£ 
ttU. 3W*-C3tfC/sec £l±WWKi* , C 1 300- 500 

*fttW7* w h^a@<^>o,2-2,o ffiT'&&-? 

h££ft£?«!|I2tB*6a*IUte'r*. 
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(2) 

1 

[Iit*Jf I ] C : 0,02-0.2 wt%, 
Si -. 0.1 -1.5 wtf, 
Mi : 0,5 -3,0 
S : 0,010 mKJUT 

P : 0,03-0.15wtf6> 
Cr: 0,1 -2,0 vk%, 
fcb: 0,1 —1,0 

J: tf^i^fttt^ feft 0 , ¥^ifli0ii in«ra>7 
h 0,2-1,5 ffiT'^^>^^>1^ 

[Ig*3f 2 ] C : 0,02-0,2 wtK, 
Si : 0,1 -1,5 mtf , 
Hi: 0,5 -3,0 vjt%, 
S : 0,010 wdiUT 

A*"? 20 
P : 0.03-0,15w%, 
Cr: 0,1 -2,0 
tt>: 0.1 -1,0 

&hm\mz i Mfci*2»;jLb*s*u «0t*F«fc 

tC. ^4P€rWfiUtT, rfC/sec tLbWMMW-C 620 
-500 XttT'ffiapU 0,5 -15s*c Wa»t/, vt^T'30 
*C/sec BLbaiMKUtC. 300- atfMtWttU 

[ 0 0 0 1 ] 

m«t&x\ aaft^ossg^ttASfg* <l $ n&s«a<BSs 

[0 00 2] 40 

&4&*&&lvtt*& 0 <*fetc> ft£01lMUkffc®tt 
MS . * ft *> *> KZflUTC 1/ fc « £«Wft*U * J u 



10-195588 

2 

T . 3 ,Gma» «T £ I ^ fc£&0ft3fl)£&&S 0 <fc 5 4 
* 4 Svil*^ 0 -^*> * . C O J: 5 ft SifiWOttK* 

4. 

[ o o 0 3] t czx\ a*, ifl*fflfigfioHff«(k 

». ?*^^hWHWrC«, £4I/CS1, Mi, P4C' 

(t*B4*tt«>ffie* s ft3titr^*. Sfe, $$H§B360-5 
S.m U . ? * 7 -Y h ##t£? 4 ^5 rss 1/ fe 

4. 

[0 0 05] 

«T?I^^ tfll < ft & 4 . moM&TftfcPit < * 
ACOt?, fiWEJi»7aft a >f Jl^^ft tctofc -> V C A r, 

S6«jjneLbK:i8ofc»tc«. E«aat*ig<i/ft 
»ft«ft&fta»->fc. c©?c«>, -Ua»*w>fiBifflfi& 

h^^is^A^ AWfta*-^^ fen 

[0 00 6] ±S6l/fcJ:^ftt!E**felWSnr 

©tt «:*gft{c a 4 cc-r-iift & *>tt* ft tf ft fe , 

Si^lO-'-KT^sec 1 ) 4fi«Dt:S 

^. c*^A*Wft»fffi*^*tcS^i*t:**!> % c^ 

J: 5 ft »ft ft«« J: 0 t^U * S^«oS^14 £#ifi 
Ofc. ^iiS^l^lO 4 (sec" 1 ) a>HBnft^t:# 
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3 

[ o o o 7 ] a*, m¥?-904& mtiucitm*nm 

f^tt&ffl±Stf4C4S:Btt4<yC. ^r>lM K 
4 ? * y 4 \ <D 2 1W»a&M&kS trCV 4, bi» 

[ 0 0 0 8 ] * C T\ *£9M>Bntt. S&fc4>£&«MS 
J:S4>££tC(£ftfc, fl^4Hff^4Ht«rllil^!iS 

««. ?H!tttd 490- 960 WPa % BKtb ( = P£tf3i<*/ 

GO sec- l 05lglw^tCfe^4, £S 0.3*T'<!>Sl|J!X* 
.'L^-a^sOM/m' GlhOfftttlTr*, .««5tt4W 

#tt«f«?'4C4tca&4. 
[ 0 0 0 9 ] 

fk*artw>»*. MUSK. sBftomp, 

£0N&ftft«:&XKtterr4 C 4«c £ 0 , .««H44» 
jfrr4C4**C#, C ft 0.5 

■*l±<WWrc. **i/c»4 c t&aimcttzc t £ 

<5X^*»IH»*4r4i©'C*)4, 
[0 0 10] 

(1) C : 0.02-0.2 wttt. Si : 0.1 -1,5 kkK. 
Hi : 0,5 - 3,0»t S : 0,010 mMKT 

P • 0.03-0.15v*%, Cr: 0,1 -2.0 wt%, 
fcb: 0,1 -1,0 

&7 xyj h¥*£&&0> 0,2-1,5 6X'*4^^>1^ 
^h*£<*4T4M2t&*6ft4C4££&4T4, .« 
©tt 4»«.*»tttc«n4 MMMiftME. 
[0 01 1] 

(2) C : 0.02-0,2 ttt%. Si : 0.1 -1,5 wdi. 
fcV» : 0.5 - 3.0wt *j % S : 0,010 WT%fclT 



(3) 10- 1 95588 

4 

P : 0.03-0.15wt%> Cr: 0,1 -2,0 wt*6 % 
H>: 0.1 -1.0 wtt 

J:^?^i^^»^^^tCto4Sa^ft*. Ar,S 
■EAtUrttMEXttrr U *0>tto.l -5.c#0>B 
tC. ttftfeMfil/t:* 50TC/sec ettCWMttft-C 620 
-800 •C&XtoiffU* 0.5 -15sec B£»U £^T'30 
*C/s€C 6Lt©»4BMtC . 300- 600*C£ f&5p I, % 

e^«4c4t««k4r4. A«tt£»ff$ff&£an 

10 4MittflttfllfE<Dll&£ft. 
[0 0 12] 

[&R®JHK>Vlt] lit;**:, -^Wggif^W 
^1iK^cgz^?4. 

: 490-980 MPa , Pfittfc ( = Ktt3t^/^l 
: 75%fc!T\ : 25KOL 

71/ xttftSrafifa ft < ft4fc«>. RMttfctt75KtSlT 
4T4Ct3WWC*4 # *fe, BH8©±«Df*25M* 
20 »CA44, ^U^««Kiin3*s*l; j M'<Jtt4<E> 

r. ±^^ti25%fcLh^gr*>4* ^fe, iisi^$<z> 

±^?:980MPa 4T4<W*. 980 MPa Z&H&LStbM 

ftD. *»ftM^*tt>#osa«:«:e*>43»**>'C* 
4, 

[0 0 13] • ^S2000(sec- 1 ) MIMMTC. 
O.jSt^ftx+jU*- : 250 KD/ffi' BLh 
@Sa*<^f&^S*C^^^^*i*2000(sec- • ) 

30 «4®«HB4U'C«'CA4 0 rototi*, Wfi^Aft 

tC^C -> fc 4 L/C ib t ±lBCC«^lft J- * )l =^-^250 M3/m 
' *»c*4&. il^nfel^+^ftMMKtt 

4*ftx*jl*--tt 250 MJ/m' ObsiSfff *4. 
[0 0 14] C^Pcfe^'C. WOffc**^, 
Sift. S^^^f?iw^0>4fe9^PI^l//cfI6«: 
gj|BJT4. 
C : 0.02-0.2 

40 Ci*. 2tlfflft4"^^^>^^ h©««4i*S5»*«: 

*a&4fe»«Csj!Wft.«^c*4. CE#o,Gawtf**«r 
«+»ftfi<W(ift*feJ:tf -TJU'f h <:±tB4r4 
»2tBMV6fttt^« 0,2 ttx%=&ia^447 X 7 
^h*tC@^C^S(./. d»tt«H«T4 0 A^r, 
C©SWS«r0-02-0,2 v^4T4 0 
[0 0 1 5 ] Si : 0,1 -1.5 wt% 

sit*. ^^^^ h«<^>asc«r*-^^^ v^icmt 

8*. ^^An«i^f5j±^1*44^tc, 
<DttSK«r^4 C 4 tc J: D 0W0JARH£*rt±3 #4ff 

so ^^^4 0 ccoffffli*. o.i wt«ja±©aaB*c«t>n 
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5 

z>&. 1.5 *&*%.&Kx%m$#t&£tc\t y mmv> 

X. S*Z>^W£fe*0.1 -1.5 wt%, s!t$L/<ii 0,3-1, 
[0 0 1 6] Mi; 0,5 -3.0 wtfti 

M*. sf-^A^Yt^flaNflrcAQ, 0.5 v/^* 

#Ctt, $SAftf£#{£TU 24HUWH»6tiK<< 
ft4. *fc, 3.0wMt8i&i, iflfe^tlffcU &m 
UffiltT**. ffi-jtTfchSWBti*, 0.5-3,0^ *f 
£U<i* 0.7-2.0 wt%4T4„ 
[00 17] S : 0,010 wKKT 
SI*. *©ft*«MH*4<:4fcJ:0. S8*<Dffiai«?^ 

S K £ o, oio mWBTFKBIIIW 4 c 4 J: *J «*> ti4 0 
[0 0 18] P : 0.03-O.lSnW 

ftffi £ W 0 r <, » 4#. C «D9Mltto v 09mXm±«>iBllD(C 

4. btc&^X. P<D£?!£i*0,Q3-0.15«t%<4T4<> 
[0 0 1 9] Cr: 0.1 -2.0 wttt 
Chi*. ^,'Ur>tM h£«UDWNM)iUt*/hd <?4 

W3S»U Mfi:a*h<>ik<ft4. ffi->tT, CKDSWS 
tto.l ^OwXit*, 
[0020] tt>*. 0,1 -1.0 wt% 

Jin^o i.owmta&rM£4«4«0«M 

IMfOU 8tfi2Xh&i£<ft4« ffiotT, fctoCOSW* 
lio.i ^lOwKit*. 

[ 0 0 2 1 ] *ftH(Cfe(* 4#«*aftfMKIi. Ittti, 
2 M» ft & 2 mttCA 0 , C 0> 5 * Wttff loii m 

TOtW7<*^ h^S[S(0 0,2-1,5 tiTCA*-? 
Jl?>1^h*£*4*4J|l2tB4*4i«3**4. 4 

cow, 7*^ iftwtfcm&sm&mx-kZ. 

•2»Wlllt4fc», PBtttt75«WT*itflW#ft < 
ftO. 37%£&iLZt, i*CC. RH®2tl^ft 
< a 0 , H 1 J: 5K . *aBBUBcs««x* jW? 
-*fiT31*4*»&'C*4. *fc, H2tB»^^>^ 
^ h 4 T 4£ft*ft 0, W2 iWD'Pt* < 4 4> 50^ 
lXh&m&*>Z>. tntfc *2*W 
F*fc«*^:M h#»<ft9. ^ 
r > iM ^ a»5tttiMtf K& 4 4 , MXSlvMftttx * 

¥J4tt2* I0fi m OTfc <fc C« 2 #C*4 ^ ^ ^ ^ 
H|©*l«tS*7^^ h*F*Sttg© 0.2-1.5 £4 



(4) fiHVl 0-1 95 58 8 

6 

*4©Ht, C<Z>aH«ftl*4, H2*C5WJ:5«: 1 a 
a^»ft<D»«Rx* MET* a * £ x$> 4 . 
[ 0 0 2 2] *^W*cj: A»»ifi^/JSitEtt, 
(a**) **HftcJ:*)*]»U tUBEK«J:&ft±H r S 

Wdfc&TT, ®mc*Z®Zlr~}lZty^xm&2tl 

*4, *ft*>%. An»jjDK±t«WE«*lim 
10 *«>»0,1^5,0l*©B*C. «rtP*Httl/T, 5tfC/se 

c Ja±<D»4pa«r-62o-80o *c« tr-flap ( 1 %WMtt 
*P> I/, -lSsecBHMH,. m^-CStfC/se 

c W±<?>»fitt*r' t 300- 600*C^ -CJft* ( 2 XHM 
Ml) I/, KTK-e««*«:«« 
**. 

[ 0 0 2 3] • 8«E«K7a£ : A r,SSMitl± 

*>a. 

20 [0 02 4] » MESfftOI«lP4«*K« 

MMESftO.1 -5,0 «toB(C, 50*C/sec eibt?mi 
{ r lXMWftipJ 4*4) MMfrMMfc SlBS^ 

7S^»^Sl,<ft0. 5.0»*»*44, 

^4i»e*4»ttoeT€:8<*^^4 0 S/c. 
i£g#50*C/sec TRjSr'i*. "7*7^ h&cr>ffi^jid[ 
30 *>WU 7x7^l^Mt. «<7>^m^-X-7 
h*^<0«*C!>*ft^H«$n4^ H2fB*>W 

«CC-*flllI!*«i»WJ'C*4o 
[ 0 0 25] C<C'\ %«M£ai& 620-800 ffi^ 

T4^2 ft^Wft < ft 0 , JAStt»i«ftf 
40 £4. *fc, »W7Bto«^6W T*ilK:Jtt44 1 

[ 0 0 2 6] 3N,»T\ 0.5 -15sec ©«Ba»T4«> 
ti. ^WvHASo.SseG^-Ctt, 7i7^H£8f^ 

ra^fst-fc«>. -?)\,-T>it<{ na&at* zmzmm 
f=>nr\ rt«t**ikr4*»6 , c*o. i5^&a 

$^4^^T'^4p 
50 [ 0 0 2 7] ±l3i£»**^t:^ 30-C/ssc JgLt^dSK 
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(5) 

7 

V. 300- 600*C # CSr2^*(^2p^f ^<W*. *M» 

[0028] &4o\ ixt<D'emv\t. *^a**flw>» 

[0029] 

fc. cn^o*?^ «i«c5w*ftfr , c 1 are 

K. JtiDflW*. a*JWC«Sa»J. B*1.0^3.0«h 



ffMM 0- 195588 

«B£ J: 0 S 1 fife J: * 2 «MR£ #», 
*ba(H*T«tt:J: «3 3 1JWU £ l «fc 

J:tfW2tK>». ¥*«3%3ttaJ:9lM**#*!>fc. 
D = 1-128 L 

fcttl/D : <2£%> > L : 3*556® 

n«tkKfttt. £tet>\ 4 
[0 03 0] 
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(7) 4$H¥ 10-195588 



11 12 
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4 ft 
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a 65 
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252 
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1 1 

o. 1 
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374 
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271 


» I 


5 


2.0 
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^ nry S t i r 


o. & 


1 19 
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697 
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235 
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94.0 
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L 21 


412 


655 
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274 
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Li 
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0.67 
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692 


65 


27.1 


230 
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13 


85.0 
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15 


Is. -JU 
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670 


64 
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LT 




1.1 


ft tfd 


<ilA 
™i» 


v*U 


62 
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10 


85. Q 


1.4 


4 h 


1.2 


0. £6 


Wfi 


B31 


71 


33 & 

M, 1 


260 
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93.0 
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1, 12 


397 


640 
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270 
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1 0 
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1 11 
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93.0 
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i, 1U 
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1 J 
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1. tfO 
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£T)LF 
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0. 8 


ao 
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V. 0 


V. 00 




CR-B 
Wl 


71 


OU. 'J 






19 


L6 


89.0 


Li 




i.0 


Ql 71 


395 


B1R 


64 


32.9 


254 


f 


20 


2,6 


$3.0 


7. J 




3.2 


0. 45 


473 I 
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71 


2&9 
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SI 


26 


92.0 
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y-fr-f I- 
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379 
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zz 
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10 J 
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75. G 
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L70* 
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275 


V 


24 


fct 


910 


11.1 
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0.41 


422 


534 


26,0 


^1 
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25 


L6 


78,0 


1% 




4.7 


L68 


425 


543 


78 


25.7 


232 


w 


26 


26 


72.0 


11.7 




15 


0,30 


379 


562 I 


67 




m 




27 


2.6 




J2JL 


T*>5>y«M h 


LI 


0.10 


512 


675 


76 


22.4 


245 


jr 


28 


26 


?6lO 


IB 7 




5l2 


0.4<J 


520 


H2 


TQ 
76 


22.9 


241 


V 


29 


2.6 


79.0 


10.6 




1? 


0.49 


1ST 




2t0^ 


'252 


Jf 


30 


ZD 


57.0 


U 


vj&>*y«M h 


5J 


3,79 


421 


552 


^ 


2L3 


230 


tr 


3) 


2.3 


TS.0 


g.6 




6l7 


157 


503 


657 


77 


22,1 


254 


H 


32 


16 


AO 


U 




2.2 


0.50 


4S3 


5*/2 


751 


27.3 


S3? 


jr 


33 


16 


JTT.-0 


5.5 


A h 


2.1 


0.3S 


472 


581 


94 


216 


228 


jr 



[0032] w±<&«j&fc**>& % 

W6*ftJ:^«:. 490- 980 , BtfJfc <R 

2000 see" 1 tS 1 8&£££ff ^ fc i * <C'£^ 0 . 3^ CCO® 

*2(C5W«©±2«J!5W©«H«:*0, ^<<&%~ii 
[ 0 0 3 3] 

ft^as, &R«ui€: jiiE^Mai o^c 2 tiattr r ^> c 



[HI ] ©2t|©<W»*<L*Si«*©B#K:4dCi*» 
jRx « «L, ^ t OMff y ^ ^ 

40 [B3] B«tbi^^<tccfflff*«Triy^7'C*&o 

[H4 ] B^ibi^s^f 1 ^s^^Bastsry^ 

[@5 3 ^i^^s^ 1 x»aa!S<z:flaf*^r 
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